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METHODOLOGY:

RAINFALL:

LOSSES:

HYDROGRAPHS:

ROUTING:

RESULTS:

HYDROLOGIC ANALYSIS FOR
ESTRELLA ALLUVIAL FAN

APRIL, 1991

Methodologies used are from the Hydrologic Design Manual for
Maricopa County (HDM) , September, 1990, and the HEC-1 flood
hydrograph package, Version 4.0, September, 1990.

Three design storms and one historic storm were used in the
analysis. These included the SCS Type II 24-hour storm, the
6-hour Queen Creek storm from the HDM, the 2-hour FCD retention
design storm, and the recorded August 15, 1990 storm at the
telemetered South Mountain raingauge, which is considered
applicable to the Estrella Mountains. The 24-hour storm
precipitation depths were not aerially reduced, the 6-hour
depths were reduced using the Queen Creek curve from the HDM,
and the 2-hour depths were reduced using th~2-hour Osporn
curves from experimental watershed data at Walnut Gulch near
Tombstone, Arizona.

Green and Ampt loss parameters were estimated from soil texture
data compiled from the SCS Soil Survey of Americana County,
Arizona - Central Part. Connected imperviousness (RTIMP) was
estimated as 75% of the given rock outcrop percentages.
Vegetation adjustment values for XKSAT were estimated from
Figure 4.3 in the HDM.

The Clark Unit Hydrograph Method was used for rainfall excess
routing within the subbasins. Times of concentration and
storage coefficients (R) were estimated using the 2/21/91
version of MCUHP1 for the design storms and Appendix E
worksheet in the HDM for the recorded storm. Tc's were
calculated for actual measured (non-adjusted) slopes, and for
slopes adjusted using Figure 5.4 in the HDM.

Muskingum-Cunge routing was used with an approximate 8-point
cross section. Lengths and slopes were estimated from USGS
topographic maps, and Un" values are from Chow. Transmission
losses were estimated at 2 inches per hour. Routing losses,
due to both storage and percolation, were minimal because of
very short travel times through the reach.

Design discharges at the apex ranged from 182 cfs for the
2-hour, 2-year run with adjusted slopes to 3,289 cfs for the
2-hour, 100-year run with actual measured slopes. The recorded
storm (3 hours) produced a discharges of 456 and 573 cfs for
adjusted and actual slopes respectively, which corresponds
approximately to the 5 year runoff return period. From the
plots of the 100-year design discharges shown on Figure 1, one
might conclude that the 2-hour discharge with actual slopes is
a bit high. The other discharges seem to be within reason, and
no conclusions about the applicability of the slope adjustment
can be made, with the possible exception of the 6-hour, actual
slope discharge.
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Accum. Increm. Accum. Avg. Excess
Time Excess Excess Intensity
hr./min. in. in. in./hr.

CALCULATION OF Tc & R

[ ] Green & Ampt Method
[ ] IL + ULR by 80il texture
[ ] IL + ULR by hydrologic soil group

-.38
i

2te.1
25.9
,20.S

Calc. Tc

sq.mi.
mi.
£t/mi.

-.31
S

-.38
i

i

/.0"

1.00

;,0'-/7

A _.;;..,'3~c.._'1...:--_
L _-'1c..;,._1_13_.....,-
S _....:./...::3;..:3~'-l..:..-_

Clock Time Increm.
@ end of Excess
Increm. in.

Tabulate Period of
Peak Rainfall Excess

30
25

ITC - . '133 hr. I

I R .... 28\ hr ·1

1.11 -.57 .80
R - .37 Tc A L

Tc ...

Kb ... m [log(A * 640)]+ b
.Kb - ( ) log ( *640) + (
Kb'" • /27

• 50 .52
Tc ... 11.4 L Kb

Trial Tc

Rainfall Loss Method:

Calculated by:
Checked by:

I
I
I
I
1
I
I
1
1--

~.,(~

I
I'
I
I
I
I
I
I
I ..

Time (Tc) (hr./min.)



Vatershed: SUB 2. /]/01\/- AD.JuSr€D S~OPc:S
Rainfall Frequency: - yr Duration: - hr. Pattern #: _

Kb = m [log(A * 640)]+ b
.Kb co ) log ( *640) + (
Kb =: • /27

.50 .52 -.31 -.38
Tc - 11.4 L Kb S i

-.38
Tc - ( • Lf50 ) i

Trial Tc i Calc. Tc

30 •'"IS 27.2.
?S /05'1 2C:>.5
27 /.0/7 2C:..8

Rainfall Loss Method:

Tabulate Period of
Peak Rainfall Excess

35

Date : _
Project: __

Time (Tc) (hr./min.)

/.15'
,

f\
\

1\
/.10
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\
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/.05
\

1\

/.00
'\
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'"
,

1"- .'75
"-

"- ........
I-......

.10

r 20

fO .Zl • 2.1 I. zra
20 .11 .3<6 /./4
30 . / ( · "Itt . 'M
'-fa . /2- · ~ ( .9/S
SO .0'/ .70 . at{
",0 .10 •8a .8'0
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Rearrange Incremental Excesses in
Order of Decreasing Average Intensity
Accum. Increm. Accum. Avg. Excess
Time Excess Excess Intensity
hr./min. in. in. in./hr.

CALCULATION OF Tc & R

[><] Green & Ampt Method
[ ] IL + ULR by soil texture
[ ] IL + ULR by hydrologic soil group

sq.mi.
mi..
ft/mi.

A = .3LJ<f
L" /./72-
s co 13<:09

1.11 -.57 .80
R - .37 Tc A L

Clock Time Increm.
@ end of Excess
Increm. in.

ITC co • /;IS-O hr. I

IR" .3/5' hr·1

Calculated by:
Checked by:
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I
I
I
I
I
I
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Watershed: E5rREU..A SUB 3 /1/01\/- ADJ(J:5tcj) $/.CJ;;'cS
Rainfall Frequency:-===- - yr Duration: ~ - hr. Pattern 1: _

.90

Date : _
Project: _

Time (Tc) (hr. /min. )

1\
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\
1\
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/0 ./9 • 1'1 I.IL(

20 .15 .3'1 /.02
30 .07 .lf3 .~~
1/0 ./0 .53 .7'15"
5"0 .0<3 .", .732-
(L) .08' .""1 ,c,,90

Rearrange Incremental Excesses in
Order of Decreasing Average Intensity
Accum. Increm. Accum. Avg. Excess
Time Excess Excess Intensity
hr./min. in. in. in. /hr.

CALCULATION OF Tc & R

[X] Green & Ampt Method
[ ] IL + ULR by soil texture
[ ] IL + ULR by hydrologic soil group

-.38
i

29.3
. 29. Lf

Calc. Tc

mL
ft/mi.

sq.mi.

.52 -.31
Kb S

-.38
i

i

.8(,;,

( .7'b3

A = .35.5
L" /, ~09
s." /2iP3

Tabulate Period of
Peak Rainfall Excess
Clock Time Increm.
@ end of Excess
Increm. in.

2.7

1.11 -.57 .80
R ... 37 Tc A L

30

ITe ... '183 hr./

I R ... 392. hr ·1

Rainfall Loss Method:

Tc ..

Kb .. m [log(A * 640)]+ b
.Kb .. ) log ( *640) + (
Kb .. _;....1_"...;.7 _

.50
Tc .. 11.4 L

Trial Tc

Calculated by:
Checked by:
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I
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I
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DETAIL
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______________ CHECKED BY DATE __

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
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*****************************************

* ** FLOOD HYDROGRAPH PACKAGE (HEC-l) *
* SEPTEMBER 1990 *
* VERSION 4.0 *
* ** RUN DATE 04/18/1991 TIME 11:25:22 *
* *
*****************************************

x X XXXXXXX XXXXX X
X X X X X XX
X X X X X
XXXXXXX XXXX X XXXXX X
X X X X X
X X X X X X
X X XXXXXXX XXXXX XXX

* ***********************************
* U.S. ARMY CORPS OF ENGINEERS *
* HYDROLOGIC ENGINEERING CENTER *
* 609 SECOND STREET *
* DAVIS, CALIFORNIA 95616 *
* (916) 756-1104 *
* ***********************************

I
I

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HECIDB, AND HECIKW.

THE DEFINITIONS OF VARlABLES-RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE, SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

I
I
I
I
I
I
I
I
I
I
I

1

LINE

1
2
3
4
5

6
7

8
9

10
11
12
13
14
15
16
17

18
19
20
21
22
23
24

BEC-l INPUT

10••••••• 1•••.••• 2••••••• 3••••••• 4•••••••5 •••••••6••••••• 7•••••••8••••••• 9•••••• 10

10 ALLUVIAL FAN DATA COLLECTION AND MONITORING PROJECT
10 ESTRELLA FAN HYDROLOGY
ID AUGUST 15, 1991
ID SOUTH MOUNTAIN STORM OF AUGUST 15, 1990, 3-HOUR DURATION, 2.05 INCHES
10 SLOPES ADJUSTED USING THE MARICOPA COUNTY METHOD
* ******************************
IT 5 15AUG90 0300 150
10 5
* *************************************

KK SUB1
KM RUNOFF FROM SUBBASIN 1
BA .369
IN 15 15AUG90 0300
PI .04 .39 .35 .43 .24 .24 .16 .04 .04 .04
PI .04 .04
LG .246 .350 3.530 .290 48.000
UC .433 .281
UA 0 3 5 8 12 20 43 75 90 96
UA 100
* *************************************

KK SUB2
KM RUNOFF FROM SUBBASIN 2
BA .349
LG .242 .350 3.560 .291 46.000
UC .450 .315
UA 0 3 5 8 12 20 43 75 90 96
UA 100

PAGE 1

VI



I
I * *************************************

PAGE 2

969075

100
18

43

82.5
9

20

15.
65
o

12

.0279
45
o

8

.318 38.500

2690
35
o

5

3.680.350
.392

3

CP2
ROUTE (SUB1 & SUB2) FROM CP1 TO CP2 WITH TRANSMISSION LOSSES

HEC-1 INPUT

ID••••••• 1•••••••2 •••••••3 ••••••• 4•••••••5•••••••6 ••••••• 7 ••••••• 8•••••••9 •••••• 10

KK
KM
RD
RC .055 .032 .055
RX 0 7.5 15
RY 15 7.5 0
RL 2.
* *************************************

KK SUB3
KM RUNOFF FROM SUBBASIN 3
BA .355
LG .227
UC .483
UA 0
UA 100

* *************************************

ALLUVIAL FAN DATA COLLECTION AND MONITORING PROJECT
ESTRELLA FAN HYDROLOGY
AUGUST 15, 1991
SOUTH MOUNTAIN STORM OF AUGUST 15~ 1990, 3-HOUR DURATION, 2.05 INCHES
SLOPES ADJUSTED USING THE MARICOPA COUNTY METHOD

KK CP1
KM COMBINE SUB1 AND SUB2 AT CP1
HC 2
* *************************************

OUTPUT CONTROL VARIABLES
IPRNT 5 PRINT CONTROL
!PLOT 0 PLOT CONTROL
QSCAL O. HYDROGRAPH PLOT SCALE

7 10

25
26
27

28
29
30
31
32
33
34

35
36
37
38
39
40
41

1

LINE

42
43
44

KK APEX
KM COMBINE (SUB1 & SUB2) + SUB3 AT THE APEX
HC 2
* *************************************

45 ZZ

********************************************************************************************************************************
*

I

I
I

I

I

I
I

I
~ •
I.

5 MINUTES IN COMPUTAnON INTERVAL
15AUG90 STARTING DATE

0300 STARTING nME
150 . NUMBER OF HYDROGRAPH ORDINATES

15AUG90 ENDING DATE
1525 ENDING TIME

19 CENTURY MARK

HYDROGRAPH TIME DATA
NMIN

IDATE
ITIME

NQ
NDDATE
NDTIME
ICENT

IT

I
I

I
COMPUTATION INTERVAL

TOTAL nME BASE
.08 HOURS

12.42 HOURS

I
I
I
I



ENGLISH UNITS
DRAINAGE AREA SQUARE MILES
PRECIPITATION DEPTH INCHES
LENGTH, ELEVATION FEET
FLOW CUBIC FEET PER SECOND
STORAGE VOLUME ACRE-FEET
SURFACE AREA ACRES
TEMPERATURE DEGREES FAHRENHEIT

1
RUNOFF SUMMARY

FLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF
OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE

+ 6-HOUR 24-HOUR 72-HOUR

HYDROGRAPH AT
+ SUB1 221. 1.25 47. 23. 23. .37

HYDROGRAPH AT
+ SUB2 195. 1.25 43. 21. 21. .35--

2 COMBINED AT
+ CPl 416. 1.25 90. 43. 43. .72

ROUTED TO
+ CP2 410. 1.42 90. 43. 43. .72

HYDROGRAPH AT
+ SUB3 163. 1.33 37. 18. 18. .35

2 COMBINED AT
+ APEX 573. 1.33 127. 62. 62. 1.07
1

SUMMARY OF KINEMATIC WAVE - MUSKINGUM-CUNGE ROUTING
(FLOW IS DIRECT RUNOFF WITHOUT BASE FLOW)

INTERPOLATED TO
COMPUTATION INTERVAL

PEAK TIME TO VOLUME DT PEAK TIME TO
PEAK PEAK

I
I
I
I
I
I
I
I
I
I
I

ISTAQ ELEMENT DT

(MIN) (CFS) (MIN) (IN) (MIN) (CIS) (MIN)

VOLUME

(IN)

CONTINUITY SUMMARY (AC-FT) - INFLOW- .4456E+02 EXCESS- .OOOOE+OO OUTFLOW- .4456E+02 BASIN STORAGE- .1280E-OJ PERCENT ERROR- .0I
I

CP2 MANE 3.75 417.06 82.50 1.16 5.00 410.17 85.00 1.16

I
I
I
I
I
I

*** NORMAL END OF HEC-1 ***



------- CHECKED BY DATE _

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
PAGE __ OF __

---- -..:.- COMPUTED DA TEDETAIL

2'1- IICJUR. J)/SC.1-/4 R. G, £5 CCFS}

ADJU5TEf) SLOP£:{ NO/ll- ADJu~Tt:O $t.O!'E"S

7R. SUBI SU8Z SU(J3 APeX SUB/ SUB2 SUB3 A?EX

2 88 7~ GoO 122 /2'1 //0 8S 317

5 /80 /57 /32 '1~7 2SLj 231 I~i ~7~

10 2~2 2.30 20/ &12 J'7~ 318 2S/ f'Y'

25" 355 :3 '11 '30S lOla 7'82- 7'/fS "101 /32/

SIJ i7~ ~/Z :5'81 , ,/~" S~O 5"'1' ~~7 15C,0

140 5"5"8 503 JI~8 1'17~ ~S3 t,02. S~~ IBPI

,(

~ -/-lOUR.. DI5CHAR'<i£S ,("fs)
AD:fUsr£DSL,.oP£5 ' IION- ADJ'USTE'D SLOPES

7ii SUBI ,S1BZ;~ APEX' sus, SU82 .su83 A~)

": ~.-/".

2- /0"/ crt! 7S' 278 /51 /"7'0 / /z ' +'''8

S' 207 /(/2 /.s-~ S~I 317 27e 2"/0 8ZS'

10 307 271 Z3~ 80"1 LlSS W'i 3Sb /222

2,5 "178 Ll2!: 377 /27tt '-tl8 591 S3"l /77CJ

5'0 5"10/ .528 'SI8S" /1007 7'if9 7/Z ~70 2/~1

/()() 72'1 ~"/~ sg" /crS3 920 83'1 7'l~ 253<:'
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-------- CHECKED BY DATE __

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

3- #aultS

2.00 I/II~N£~

Q (chi)
177
/S'C

/2"1
.yS,"

Q (cfs)
22/
1<}5"

/63

573

k{!Jr)
• '133
• '150
. i{83

7C (6,.)
.717
.750
_ 800

SUBI
Sul3Z

suS3
APEX

SUB)

suez
SUB:3
APex

PAGE __ OF __

DETAIL COMPUTED __-----DATE __

PROJECT EST;fElLA A LLU ViA L FAN

AO;ru.ST£P SLO,PES;

NON - A O.:rUST'eJ) SLoPES:

2- lIo'{./i? -~~~~

ADJUSTEO St..OPES /l!tJ/V-Ab:rUST€D SI..CPlfS

7/Z SUBI SUB2 5W33 APex sual StlS2 SUB3 APex

2 73 "'2 Lf7 /£52 /07 '13 70 2'8

S 2(,,/ 229 /9¥ (g,?/ 9'07 .3S7 308 iOf#9

/0 3g7 339 29'1 /018 5~$I 5"/2 '1'17 IS2£

zs S3~ Jt7,3 7'25 /'7'ZI 791 ~'1.:3 "3<1 ZI17

SO 708 (",~.3 .57Z· 1'12/ /002 '7/5" $/8' 27'13

/00 '8'57 7SCJ 70/ 23/1 /lq7 1098 ~8 328"1

iRe-CORDeD Srol(!"1 O/SCh"A~(9C'S

SOt/TN nouNTAIN .sTo~M O~ AU§:. /s: /990
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